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CONCEPTUAL DESIGN FOR AN AIR CORE 2 MEG~AMP RLVERSED FIELD EXPERIMENT*

Charles F, Hammer
Reporting for the ZT-40U Conceptual Design Team

Los Alamos National Laboratory
87545

Los Alamos, New Mexico

ABSTRACT

The lLos Alamos CTR Division {s
conceptual
experiment.

involved 1in the
design of a next phase Reversed Field Pinch
The paner will discuss, in general, some
of the physics questions that the experiment will
address. Also in more detall 1t will dJdiacuss the
engineering parametera and the possible hardware design
solutions.

The experiment is desizned to

produce a plasma

current of about 2 MA which can be sustained for about
200 ms. The electrical energy for the mystem {s pro-—
vided by a large motor generator set. An inductive

energy store ia used to drive the magnetizing and
poloidal field windinga. A capacitor bank providea the
energy for the toroidal field windings. The current in
both cfrcuits 1a maintained by using SCR controlled
transformer rectifiera,

During 1782 and part of 1983 the Los Alamoa
CTR=Division haa been involved in the conceptunl design
of a 2 Meg~Amp, Alr Core, Reveraed Fleld FExperfment
(RFP)  (Illustrated in Ftg, 1), which {s reforred to as
ZT~40U. This paper prescnts a summary of this work.!

Miring  thia perfod ZT-40M wan  operated as a
phyrica  experiment  and provided the banir for much of
the thinking that has gone {nto the desipgn of Z2T- 40U,
Findings from ZT-40M have resulted {n a continuous
evolation of the ZT~400 conceptual  deaign, An  an
example oy this {a, the conceptual 2T-400 liner derign
doen not fncorporante a feature which al'own  repalr or
replacement  of damaged Hner pectiona without removing
the entire 1lner, Experfence  f(rom 2T-40M  {ndicatoen
that  {t would be deafrable to be able to vepalr or
voplace portfonn of the liner {n place. Thia meann the
conveptual Z2T-400 lHHoer denign will probably have to he
changed,

Alno durtng thim perfod of time the coalpgn  of
27-P,  n ommall,  alrcore, oenplneering and phyaten REP
prototype,  has  approached completion, Ita  dostgn
[neorporaten many  of  the englueering eaturen from
ZT=a00, Tt will bogtn to addresn some  phynies  Tnruen
wuch  an the  fmportance  of n conduct fog shetl to the
ntablltty of the planma, 201 ta now betng conntrueted
and should be operatfug by the summer of 1984,

addrenn a
Tinted

The experfmental program for 27400 wil)
number of actent t{ic and  technologtenl
bhe low,

frnen

O Demonntrate amd oxtend fundamental RFY phynten,

® Achiove nfpnfticant  plasmn solely  thirough

ohmic-heating curroentn,

onergy

L T )
Work petformed under the auspleon of U8 Dok,

® Achieve and matntain hotas of reactor fnerent

® Demonatrate high-current-density operation.

® (Control planma wall futeractiona,
® Control R.F.P. magnetics related to equilibeium, wall

atabitization, and allowable {1 1d ervorn,

e Obtatn encrgy continement time and planma temperature
acalling with denatty and planma current,

Tectnologteal Ob ject fven fnelude:

e txtend Himfter schemen, and  oxamtoe

toroldal diverter achomen,

polotdal  aad

® Dovelop and  ton?
reactor ke thermal wall

flrat-wnil denlgns  capatle  of
londiag (" Mw’m)).

Detormine  the  feanibility
up rfter the REP har heen

®  Examine ntartup methaodn,
of  ramping  the current
ontablinhed,

®  Fxamine moann for ateady ntate cuavrent drfve,

Machine Denertpt fon
Torun Asnembly

The vacuum Tioer and aholl annembhly (nect fon nhown
fn Fig.e 2) dn quite afmtine 1o that uned on 2T 40M7,
The Hiner tn pade of twelve Ineonel 625 bellow nect fonn
which are  Jotned togethar by wodpgo shaped cylindreteat
aectfonn,  The vacuum and diagnont te aceenn
located  tn the Jointog nectionn,  The nhelt o made of
cant aluntuum which  In aomtuatily %1 mm thick, The
nhelt  ntvueciurve conntntn of B wand-cart dectionn which
are  proctpely  machined o the final dimennionn,
Exireme vare will Lo taken {n providing low 1eutntancen
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TABLE 1

ZT-40U Descriptive Specification

Plasma Current (MA) 2.0
Rise Time (ms) 20
Flat-top Time (ms) 200
Ma jor Radius (m) 2,15
Minor Radius (m) 0.4

Vacuum Liner (Inconel 625) thickness (mm) 2.3
Poasible wall loading (M“/m") ~l. to 3.

Shell (cast aluminum) thickneas (wm) 50.8

at the conducting Joints of the shell. The final shell
asacmbly will huve 2 vertical inasulating jointsa and one
ho. fzontal break at the inalde of the torus midplane,
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Flgure 2,
Torofdal tteld cotln

There ave 772 torotdal Tteld coll modulen  aounted
wiformly  an the torun located at 5" tntorvaln.  Fich
module conafntn of two adjacent colla with encn coll
making two complete tutnn avound  the  torun  which
renultn dnw total of 28R tarnp.  Indtivtdual colin are
made of thin Taminated copper stefpn, wrapped with tape
fanulat fon which fn appliod junt prior to  tantallation
on the  coll torm,  The cotl form §n attached o nhell
prior to winding the cotle The eoll can pe wound  In
place  hocauns they are flexibhle and can bo overlapped,
Dotng thin reducen the total  aumber  of  high  curveat
fofntn tn the T,F. nyntem which reducen the eomplexity,

olotdal fleld cotln

The  Polotdal f{eld ayntem vonninta of msgnet treting
(M) and equi b tum (K) cotl windtnge,  There are 16
M oeofln (160 twiun total) and B 1 collan (200 tarnn
total) whitch ars loeated an nhown in Fia, 1o The coll
annemhiten ave made untng copper bar wtock and a thermo
net ting plant te adhiontve to hotd the coppar 4 plaen

Each winding system {s connected through a patch panel
to the buss system to the respective energy systems,
The patch pancl 18 designed 8o that vartous
seriea-parzllel coil interconnections are possible.

FRAME AND CO!L POSTTIONS
LOMPUTER (4 'DFD DES'UN )
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Figure 1,
Machantceal Support sStructure

The torus assgembly, mapnetizing and
windingn  are  aupported and neld tn place by a
mechanical atracture which in fabricated of
non-retalic, non-conduct{og materiatln,  Thin structure
te dentgned to carry the welght of thin hatdware, and
nlno  ahsorb the pulped  forcen which  are generated
durtng  the machine  operation, The ntracture or
bulkhend annsmblten renemble the spoken of 4 wheol when
viewed from above and tnclude 12 bulkhead  locat {onn,
Thin ta tlHluntrated tn figure 1,

equiltbrium

Ynergy S pALLLE

The  palofdal ftold cotls  are drtven by an
{nduct fve energy atorage ayatom durtog ntart-ap and thoe
fint-top enesrpgy in sepplted by a teavsformer rect 4 lor
powrt aupply (shown tn Fig, 4).  The torofdal  (leld
colln  nre  artven by a capacttor bank during start up
and  the flat-top energy 1a alno provided by n
tranaformer-roct it tor power  nupply (ahown tn Flg. ).
The snergy for thene ayntema will be supplied (an nhown
tn Fige 6) by a lavge motor sgensrator-aet , operat tng at
near rated apeesd.  The snevpgy ntored by the -G-8 wild
be  tvanaferred to  the expeviment an 11 wlowa o
approxtmately JOX of cated npeed.

An equiltibrium control power

nupply  dn e tuded

which vontroln the ¥ cotl  current rvequlred o
equilibhrium,.  The oquflthetum wywrom conntnta of g
palre  width  modulated, noltd atate, swltehing power

sunply, whtceh {n foodhack controlled,
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The denfpgn will make  extennive ane  of  computer
tectinology, The ayaiem will Wve a computer for onch
of the following functionnt  Experiment  Control, Data
Acquinttlon  and  Data Analynin,  The computern will be
lTtnkoed by a high apeed netwark and with the functionnl
diatribution, the network teatfic can be kept to a
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uinimum. The control computer will communlcate with
lover level suhayatem computers by means of high speed

links. The subsystem computers will run a comnon
contcol program that carries out local control and
monitoring functions under the direction of the controi
computer, In the event of a dgubsystem faclt, the
subay. tem computer will take any {mmediate action
required and then notify the main control computer,

Speclal Destgn Consideratton

Low maguetic field errora in the plasma region and
eany diagnostic accens *o the planma  region played n

very lasge role in the desipn and locatton of cotll
AayriemB,  To further reduce fleld errorn the wtructure
for the experiment has  been  deaigned using  non-

materinlne, The mechanteal
structure of the machine {a such that {t can b taken
apart In a modular tashfon, which will tactlitate the
dimassembly of the front end fn the event of a
component fallure,

magnet{c, non-conducting

Dingnostic and vecuum ports are relatiyely
to  allow good  accenn to  the  vacuum roglon for
dtagnoatic aad vacuum pumplng purposren, Addittonally,
the large porta are very desirable for the Inetallation
and removal of lmiter havdunre,

large

Other conntderat tonn

Thin summary does not hegtn to adireen all of  the

arene which wore dnvestigated an part of the 27T-40U
deatan  swtudy, The  followlug  aubjectsa have bern
exanined In dotatl 1, Mingnetlen, Dingnortien,
Eloct romagnetic Compat Ibility (normal and fault

condit tonn),  Power  Supplien, Switcehing Syntema, Fleld
Coll pPentgn, Mechanteal Stracture, Pah Yacuum  Svatem,
Shell  and  Liner Dentgn, Limtter Sy.tem, and Computer
and dontrol Sysmtem,

Acknowlodgement for thone who aave contethuted to
thin work ta very difftcalt bocaune of the tarpe pumher
of  dedicated fudividoaln fuvalved, Wt hey than
cverlook  any one, the acknowledgemeutn go to all thone
who were {nvolved with the AT A0l denipgn etfort,
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